Background: Few studies have evaluated the success of the Latarjet procedure for recurrent anterior glenohumeral instability in the contact or collision athlete. The purpose of this study was to evaluate the return-to-sport and functional results of the Latarjet procedure in this select group.
examination as well as a clinically relevant glenoid osseous defect as measured on computed tomography (CT), or who had prior failed anterior shoulder stabilization surgery, were treated with a Latarjet procedure. We used a clinically accepted, non-quantitative method to determine whether critical bone loss had occurred. A glenoid bone defect was considered clinically relevant if its length was greater than the radius of a best-fit circle drawn over the inferior two-thirds of the glenoid, as described by Gerber and Nyffeler 22 . This determination was then used to help counsel patients during the surgical decisionmaking process. All operations were performed by 2 shoulder surgeons (L.D.H. and J.P.W.) who were fellowship-trained in both shoulder and elbow surgery and sports medicine and who each had >20 years of experience. Medical records were reviewed and telephone inquiries were performed to obtain study data. All subjects gave informed consent, and an institutional review board approved the study.
A patient was included in the study if he or she participated in a sport that met the criteria for "contact," "collision," or "limited contact" as outlined by the American Academy of Pediatrics Council on Sports Medicine and Fitness 23 . The level of sports was categorized as semiprofessional or professional, collegiate varsity, high school varsity or junior varsity, or recreational. Patients who had the Latarjet procedure <2 years before the time of the study; who did not meet the athletic criteria; or who had posterior or multidirectional instability, an irreparable rotator cuff tear or one requiring repair, pathological involvement of the biceps tendon or acromioclavicular joint requiring surgical intervention, or a posterior labral tear requiring repair were excluded from the study.
Surgical Procedure
All patients underwent an examination under anesthesia to confirm anterior instability and to exclude multidirectional instability. The open Latarjet procedure originally described by Latarjet 24 was performed using the modified technique described by Walch and Boileau through a deltopectoral approach 25 in all patients. A subscapularis split was performed between the upper two-thirds and lower one-third of the muscle, and 2 bicortical (typically 4.5-mm malleolar) screws were used to fix the graft to the inferior aspect of the glenoid rim either at or medial to the joint line. The coracoacromial ligament remnant on the coracoid bone graft was then sutured to the lateral anterior aspect of the joint capsule.
Postoperative Management
Patients wore an abduction pillow sling for 4 weeks. For the first 3 weeks, passive forward flexion and abduction in the scapular plane were allowed to tolerance. Passive internal rotation was allowed up to 45°at 30°of abduction. External rotation was allowed to up 25°and progressed to 45°at 6 weeks. At 6 weeks, transition from a full passive to a full active range of motion was allowed as was internal and external rotation strengthening. At week 10, biceps, pectoralis major, and chest-level rotator cuff Thera-Band (Hygenic) strengthening was started. At week 16, overhead strengthening and resistance training with dumbbells were begun. Return to contact sports was permitted when patients had recovered full strength and when the bone graft had healed as confirmed by radiographs or CT scans obtained between 16 and 24 weeks postoperatively.
Assessment at Latest Follow-up
The patients identified as eligible for the study were contacted, and 3 online questionnaires were administered to assess functional outcomes: the Western Ontario Shoulder Instability Index (WOSI), the American Shoulder and Elbow Surgeons (ASES) questionnaire, and a visual analog scale (VAS) for pain. Departmental funds were used to provide patients with a $25 stipend as an incentive to increase the rate of response. Seventythree patients (73 shoulders) completed the questionnaires. A subjective account of recurrent instability was reported as a subluxation if 1 episode resulted in the shoulder shifting or slipping and caused a sense of instability or if arm numbness occurred with the arm in the overhead or throwing position, and it was reported as a dislocation if the event required a manual reduction. If the instability episode did not require manipulation to relocate the shoulder, it was assumed to be a subluxation.
The primary outcome was return to sport. Patients were asked, "How would you qualify your involvement in sporting activities since your Latarjet procedure surgery?" Options for responses were (1) return to the same level in the same sport, (2) decreased level in the same sport, (3) decreased level and change in sport, and (4) no sport. Patients were subsequently asked, "If you did not return to the same level of competition in the same sport, was this due to the condition of your shoulder following your Latarjet procedure?" To optimize clinical relevance and statistical conclusions, the 4 categories were reclassified to 3: (1) change in sport (or stopped participating in sports) related to the Latarjet procedure, (2) change in sport (or stopped participating in sports) unrelated to the Latarjet procedure, and (3) return to original sport. Two patients did not specify if their change in sport was related to the Latarjet procedure; therefore, the return-to-sport data analysis was conducted on 71 patients.
Preoperative glenoid bone loss was evaluated retrospectively by 1 author (D.M.P.) who was a sports medicine fellowship-trained surgeon and was blinded to clinical outcomes. CT scans were available for 46 of the 73 shoulders. CT images were not available for the remainder because the CT was performed at outside institutions due to either insurance or logistical issues. Preoperative CT images were retrospectively reviewed and quantified for glenoid bone loss with ImageJ software (National Institutes of Health) 26 . A circle fit to the inferior two-thirds of the glenoid was drawn on the representative 3-dimensional (3D) image of the glenoid or on the 2D sagittal image when a 3D image was not available. In ImageJ, the surface area of the anterior glenoid defect, D, was calculated within the boundaries of the best-fit circle. The area of the bestfit circle of the glenoid, GC, was measured. The percentage of bone loss was calculated as D/GC · 100% (Fig. 1 ). This method has been previously published 27 .
Statistical Analysis
Descriptive statistics for return to sport; redislocations after surgery; WOSI, ASES, and VAS scores; and bone loss were determined for all patients. The primary outcome was return to sport as described above.
We evaluated bivariate associations between return to sport and the following covariates: sex, age, bone loss, level of sports (professional/semiprofessional/collegiate, high school, and recreational), and number of prior stabilization surgical procedures. We used the Kruskal-Wallis test for continuous variables and the Fisher exact test for categorical variables. We considered preoperative covariates with p < 0.10 for inclusion into a predictive multivariate model. Additionally, we reported the relative risk (RR) with the 95% confidence interval (CI) associated with significant predictive covariates. Significance was obtained at an alpha level of 0.05. All statistical analysis was performed using SAS version 9.3 (SAS Institute).
Results

Cohort Assessment
O f the 196 patients (201 shoulders) identified for the study, 87 patients (89 shoulders) did not participate in a contact or collision sport and were excluded, leaving 109 patients (112 shoulders) eligible. Seventy-three patients (67% of the 109) with 73 involved shoulders completed the questionnaires. The average age at the time of follow-up was 25.8 years (range, 15 to 54 years), and 9 patients (12%) were female. The average follow-up was 51.6 months (range, 24 to 120 months). The dominant arm was affected in 47% of the cases. Table I lists the sports played by the 73 patients. Preoperatively, 3 patients (4%) participated in sports at the professional or semiprofessional level; 20 (27%), at the collegiate varsity level; 19 (26%), at the high school varsity or junior varsity level; and 29 (40%), at the recreational level (Table II) . The mean number of presurgical dislocations (and standard deviation [SD]) was 8.3 ± 9.9 (range, 1 to 45). Forty-three patients (59%) underwent a prior stabilization surgical procedure, with a mean of 1.6 ± 0.9 interventions (range, 1 to 5).
Recurrent Instability
Six patients (8%) experienced a dislocation following treatment with the Latarjet procedure. The redislocation rate was 7% for patients who underwent a primary procedure and 9% for those who underwent a revision procedure (p = 1.00). Fiftyseven patients (78%) reported a stable shoulder with no postoperative complications or postoperative perception of instability. Ten (14%) reported some perception of instability postoperatively, but the shoulder did not dislocate.
Functional Outcomes
The patient-reported outcome measures used to assess functional outcomes were the VAS pain scale, ASES, and WOSI (Table III) . The average pain score reported by the cohort was 1.3 ± 2.1 (median, 0; range, 0 to 10). The mean ASES score was The percent glenoid bone loss is based on a best-fit circle over the inferior two-thirds of the glenoid (red circle), with the glenoid bone defect represented by the black space within that circle. 87.9 ± 17.1 (range, 21.7 to 100; median, 93.3). The WOSI raw score scale ranges from 0 to 2,100, with 0 representing the best possible response in terms of function and stability 28 . The mean WOSI score for the 71 patients included in Tables II and III was 557 ± 504 (range, 0 to 2,016; median, 412). Patients who returned to their preinjury sport reported less pain (0.8 ± 1.4 versus 2.5 ± 3.1, p = 0.047) and better WOSI scores (420 ± 412 versus 956 ± 578, p = 0.002) when compared with patients who did not return to their original sport. Thirty-six (49%) of the patients returned to their original sport at their preinjury level of competition, and 10 patients (14%) returned to their original sport at a decreased competitive level. Nine patients (12%) changed sports but remained at the same level of competition, and 18 patients (25%) reduced their level of competition and changed sport or stopped participating in sports altogether. The mean time to return to sport was 8.1 ± 4.3 months (range, 3 to 24 months) postoperatively. Of the 27 patients who did not return to their original sport, 25 provided a reason; of those 25, 17 (68%) related it to the condition of their shoulder following treatment with the Latarjet procedure.
Primary Versus Revision Procedure and Return to Sport
The return-to-original-sport rate was 72% when the Latarjet procedure was a primary stabilization procedure, 75% for patients with only 1 prior stabilization procedure, and 39% for those with ‡2 prior stabilization procedures (p = 0.019) (Table II) .
Glenoid Bone Loss
Forty-six of the 73 shoulders had CT scans available. The average percent bone loss based on the best-fit circle over the inferior two- thirds of the glenoid was 10.6% ± 6.0% (range, 1.6% to 30.3%). The average bone loss was 10.4% (range, 3.8% to 22.5%) in cases without previous stabilization surgery and 11.0% (range, 1.6% to 30.3%) in cases with previous stabilization surgery (p = 0.781). Glenoid bone loss did not vary significantly between those who did (10.6% ± 5.6%) and those who did not (10.6% ± 6.5%) return to their preoperative level of sport (p = 0.979).
Predictors of Return to Sport
Age (p = 0.579), sex (p = 0.568), percentage of glenoid bone loss (p = 0.507), and level of sport (p = 0.894) were not predictors of return to sport. Fewer than 2 prior stabilization procedures (p = 0.019) (Table II) , total WOSI score, and the emotional and lifestyle subsections of the WOSI were associated with higher rates of return to sport (p < 0.05). Compared with patients with 0 or 1 previous stabilization procedure, patients with ‡2 previous stabilization procedures had 2.84 times the risk of having a change in sport related to their shoulder condition following the Latarjet procedure rather than returning to the same sport (RR = 2.84, p = 0.007, 95% CI = 1.34 to 6.06). Because only 1 preoperative covariate ( ‡2 prior stabilization procedures) met our criteria for inclusion into a multivariate predictive model, no multivariate modeling was conducted.
Complications
Of the 6 patients who experienced a dislocation, 5 had an additional surgical procedure subsequent to the Latarjet procedure. Details of these 6 patients are reported in Table IV. Other than postoperative dislocations, the only complication was occasional paresthesias in the arm while performing overhead activities as reported by 1 patient who had had a primary Latarjet procedure.
Discussion
W e evaluated Latarjet procedures in both the primary and the revision setting in a high-risk, athletic population. There are a limited number of cohort studies that evaluated the Latarjet procedure in this patient population. In 1 study, 55 of 102 Latarjet procedures were performed in contact athletes, and 96% of the contact athletes returned to sport for at least one season after their Latarjet procedure 13 . A study of rugby players with a 12-year follow-up showed that 65% returned to play without recurrent instability 29 . A cohort of soccer players had a 3.5% redislocation rate, with 96% of the patients returning to sport 30 . A recent study showed a 78.7% rate of return to the preinjury level of sport, with those participating in "overhead" and "forced overhead" sports having a lower return rate 31 . These studies all excluded revision procedures, whereas 59% of our patients had a revision procedure. In our study, patients who had ‡2 prior stabilization procedures had a lower return-to-sport rate (39%), whereas 72% of those in whom the Latarjet procedure was the primary stabilization procedure returned to the same sport and 63% returned to the same competitive level. These findings are comparable with those in the literature 29, 31 . Six (8%) of the 73 patients in our study sustained ‡1 postoperative dislocation. Sixteen patients (22%) reported some perception of instability or experienced a dislocation. All complications were related to postoperative instability. There were no additional complications such as nerve injury or infection in this cohort. This compares favorably with the current literature 14, [19] [20] [21] 32, 33 . In addition to the number of prior stabilization procedures, the emotional and lifestyle components of the postoperative WOSI score were also significantly associated with return to sport in this athletic population.
Instability Severity Index Scores in studies of Bankart repairs have demonstrated higher rates of recurrent postoperative instability in young athletes who participated in competitive contact or forced overhead sports [7] [8] [9] [10] 32 . The results of our study suggest that, for patients with 1 prior stabilization surgical procedure, the Latarjet procedure offers a 75% return-to-originalsport rate, whereas revision arthroscopic Bankart stabilization has shown poor outcomes in the contact athlete 34, 35 . Many consider open Bankart repair a viable option for revision stabilization in the contact athlete, yet a systematic review demonstrated similar rates of return to sport between primary open and primary arthroscopic Bankart stabilization procedures 3 . In contrast, a more recent study showed open Bankart repair for revision stabilization in patients without bone loss to result in high rates of return to sport when the repair was augmented with a "pants-over-vest" capsular reinforcement 18 .
Deciding the course of treatment for a contact or collision athlete without bone loss or prior stabilization surgery poses a challenge to the orthopaedic surgeon. A 2016 study evaluated modern arthroscopic Bankart repair techniques and showed a 6.4% recurrent dislocation rate in athletes and an 82.5% rate of return to the same level of sport, with similar rates of success in contact and non-contact athletes 6 . These results compare favorably with those of the Latarjet procedure in our athletic population and with those in other, similar studies [29] [30] [31] 36 . A meta-analysis showed the open Latarjet procedure to result in lower rates of recurrent instability, greater Rowe scores, and better external rotation than Bankart repair 37 . Two retrospective cohort studies comparing the open Latarjet procedure with the arthroscopic Bankart procedure for primary stabilization showed conflicting outcomes with respect to return to sport. Bessière et al. found a lower recurrent dislocation rate and higher subjective shoulder value scores for sports with the Latarjet procedure, yet both cohorts had similar rates of return to sport 12 . Hyperlaxity and competitive sports predicted higher failure rates in the Bankart group. Conversely, Blonna et al. reported that patients who had undergone an arthroscopic Bankart procedure had a higher rate of return to sport and higher subjective shoulder values than those who had undergone an open Bristow-Latarjet procedure 38 . The rate of recurrent instability was statistically similar between the Latarjet (0%) and Bankart (10%) groups, and patients in both cohorts who played sports with high upper-extremity involvement at a competitive level had a lower return-to-sport rate.
The limitations of our study are inherent to its retrospective design. One substantial limitation is that we did not collect clinical examination data. Also, despite our best efforts, we were able to obtain only a 67% follow-up rate, which may bias our results. This was a convenience sample, and thus the study was likely underpowered to detect small but significant differences among the 3 return-to-sport groups with regard to age, percentage of glenoid bone loss, and level of sport. We had only 9 female patients, meaning that the study was almost certainly underpowered to detect differences in return to sport between males and females. One strength of our study is the nature of the population: high-risk contact or collision athletes treated with Latarjet procedures in both the primary and the revision setting with an average follow-up of 4 years.
In conclusion, based on our results, we find the Latarjet procedure to be a viable option that allows high-risk contact or collision athletes with recurrent anterior glenohumeral instability to return to sport with a low rate of recurrent dislocation after the operation. The Latarjet procedure offers similar return-to-sport rates when done as a primary procedure or in a once-stabilized shoulder. However, patients with ‡2 prior stabilization surgical procedures have a lower rate of returning to their original sport and the inability to return to the original sport was associated with significantly worse patient-reported VAS pain and WOSI scores following the Latarjet procedure. Consequently, the number of prior stabilization procedures is an important factor to consider in these patients. We recommend that clinicians consider the Latarjet procedure over the Bankart repair for all contact or collision athletes with clinically relevant bone loss or 1, but not >1, previous failed stabilization surgical procedure in order to offer these high-risk patients the greatest chance of returning to sport. n
